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Monitoring Exposures to Vinyl Chloride Vapor:

Breath Analysis and Continuous Air Sampling

EDWARD D. BARETTA,* RICHARD D. STEWART, M.D.,* and
JOHN E. MUTCHLER}

Department of Environmental Medicine, Marquette School of Medicine, Milwaukee, Wisconsin,

and Enviranmental Health Section, Biochemical Research Laboratory,
The Dow Chemical Company, Midland, Michigan

& An environmental survey was conducted to determine the time-weighted average

exposure (TWA) of a group of chemical plant workers to vinyl chloride (VC1)
vapor. This survey featured continuous multipoint air sampling and apalysis using an
infrared spectrophotometer. The inhalation exposure data were digitized and record-
ed on paper tape for subsequent computer analysis and derivation of daily TWA
values for cach wotker. A breath sampling program was conducted concurrently
with the environmental survey, and a series of breath decay curves relating post-
exposure breath concentration to vapor exposure were derived from the data, To
validate the breath curves derived from on-the-job data, postexposure breath curves
were also constructed from breath data obtained following experimental human
exposures to carefully controlled concentrations of VCI vapor. The close agreement
between postexposure breath concentrations at the corresponding TWA's obtained
by each of the methods suggests that cither continuous air monitoring or breath
analysis is valid for estimating the worker's individual daily exposure to VCl, and
provides further evidence that breath aralysis is a useful industrial hygiene technique

for evaluating vapor exposute,

introduction

THE QUESTION THAT MAY ARISE
following an environmental survey is
whether the chemical vapor concentrations
measured are truly representative of the ex-
posure being experienced by the workmen.
Evaluation of the ranges of atmospheric con-
centrations and estimates of time-weighted
average concentration (TWA) are all too
often based on a few spot samples obtained
under conditions which are not representa-
tive of all phases of a given operation. A
more exact measurement of vapor exposure
would have to be based on continuous moni-
toring of air in the workman’s breathing
zone during his entire work shift. Obviously
this task is made difficult and often impossible

———

This pay was presented at the American  Industrial
Hyyi ference, 5t. Louis, Mimouri, May 13-17, 1968
:muene School of Medicine, Milwaukee, Wisconnn,

1The Dow Chemical Company, Midland, Michigan.

by the large number and variety of tasks per-
formed by today's modern chemical plant
worker.

Recent improvements in automatic moni-
toring and data processing equipment have
provided a means for a more satis{actory so-
lution. Sequential samplers and automatic
analyzers and recorders can now be used
to continuously monitor several locations or
operations to provide more valid data on
which to base estimates of chemical exposure.
Computers can be utilized to manage the
large volume of data generated by continu-
ous monitoring.!

Meanwhile a technique has been under de-
velopment which more precisely defines the
level of individual exposure. The realization
that the total hody burden of a volatile chem-
ical s directly related to its concentration in
expired air led to the development of tech-
niques for collecting and analyzing breath
samples useful in estimating the more indi-
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vidualired exposure experience of each work-
man. 5Studies by Stewart et al. ¢ have shown
that the excretion or “‘decay” of vapor in the
breath can be used to characterize the ex-
posure. Breath decay curves constructed for
several chemwical solvents have proved cline
icallv useful as an index to chemical expo-
sure. .

These breath decay curves, for the most
part, were constructed from postexposure
breath data obtained from experimental hu-
man exposures to carefully controlled and
relatively  constant apor concentrations.
However, breath decay curves have recently
been constructed from breath data collected
from workers whose work environment was
being continuously monitored.”

In this study of human exposure to vinyl
chloride (VCh vapor. breath decay curves
constiucted from data obtamned during ex-
perimental exposures to the relatively uni-
form concentration within an exposure cha-
ber were compared with those derived at the
theoretically equal, but broadly fluctuating.
concentiations encountered in a chemical
plant atmosphere. A weasure of the validin
of continuous monitoring data and the use-
fulness of breath analysis in assessing time-
weighted average exposure was reflected by
a dosc similarity between the two sets of
breath decav curves,
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Procedures

Monitoring the Plant Atmosphere

The chemical installation surveyed was a
closed structure housing several separate
chemical processing operations. First, a job
survey was conducted for each of four job
classifications to determine the work areas
frequented by the workmen and the time they
spent m each area. For each job classification,
five sampling probes were strategically placed
in the work area. A sixth probe was placed
outside the building. and charcoal and silica
gel filters were placed in the sampling line
to assure a clean air reference. The sample
probes were 3/16.inch 1.D. Saran tubing
through which air samples were drawn by a
vacuum pump at a rate of 17.3 liters/min
to a centrally located infrared spectrophotom-
eter. The spectrophotometer was equipped
with a 10-ueter path-length gas cell sensi-
tive to 3 ppin of VCIl at a wavelength of
10.63 microns. The V(I concentration was
linearly 1elated to absorbance up to approx-
imately 1000 ppm.

A schematic diagram of the sampling sys-
tem is shown in Figue 1. Sampling was ex-
ecuted sequentiallv with a set of six two-wav
solenoid valves controlled by a timer which
advanced the sampling location every 5 min.
utes. A visual account of transmittance was
recorded on a strip chart recorder. Mean-
while the data were recorded in digital form
on paper tape by a tape punch and digitizer-
programmed to record three equally spaced
uansmittances during the last half of each

3-minute sampling period.

The transmittance data furnished by the
spectrophotometer was converted to absorb-

ance and 1educed to concentration according
10 Beet's Jaw:

(X ] _Xw)

A= Log,oW)

v here
A = abwthance
X = bawe-line response,
X T response at total absorpuion,
Y, = response at location 1.
! - 234 0.6
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Finally.

C=KA

where
K = a proportionality constant
C = concentration

The taped data were processed by a Bur-
roughs 5300 computer at The DDow Chemi-
cal Company Cornputation Research Labora-
torv. The computer was used to calculate
the mean and standard deviation of concen-
trations at each location for each 8-hour
wotk shift. Finally, time.weighted average
concentrations were calculated for each job
classification using the time-location data
obtained from the job surveys. As described
elsewhere! the weighted percentage of time
during which concentrations exceeded sev-
eral prechosen levels was also computed for
use in establishing exposure profiles.

Figure 2 describes the exposure profiles
(frequency distributions) for the four job
classifications studied during this survey.
These profiles show the percentage of time
that concentrations exceeded the levels
shown. They summarize several tens of thou-
sands of individually measured concentra-
tions and reduce them to single curves, Fig-
ure 3 shows the corrective trend brought
about by actions undertaken to reduce the
atmospheric concentration of VCI over the
7-month period during which the study was
conducted. Only two job classifications war-
ranted extensive study, but men in all four
classifications were asked to participate n
the breath sampling program.

On-the-Job Breath Sampling

Three separate breath sampling programs
were conducted concurrently with the envir-
onmental plant survey, designated by the
boxed portions in Figure 3. Each worker
collected three breath samples daily—the first
on his arrival home from work, the second
5 to 10 hours later, and a final sample be-
fore returning to work the following day The
samples were collected in pipets constructed
from short lengths of 20-mm soft glass tubing
to which had been welded at each end the
threaded portion af a 2-dram (8-ml) screw-
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Ficure 2, Exposure profiles expressed as VGl
vapor concentration versus the exposure frequency
distribution for the four job (lassifications.

cap glass vial (Figure 4). The overall length
of the pipet was about 9 inches, so it could
be conveniently and inconspicuously trans-
ported to and from work in a lunch bucket.

The plastic caps were lined with six layers
of Saran film identical to that used for the
construction of Saran air sampling bags. A
3/32-inch hole prediilled through one of the
caps provided an access for withdrawing
samples. The Saran liners provided an ef-
fective gas barrier so that vapor losses were
held to less than 10% for a holding period
of 3 days.

When collecting a sample the subject was
asked to remove the caps, place the pipet to
his lips, and breathe normally in through his
nose and exhale through the pipet three
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o DRTER OPEZRATOR

O M ENOER-PACRAGLR

3 POLTMER OPERATOR

(Tns -wEGHTED wEAN
| CONCERTRATION PRW

oLl PR . " i
OECEMMER| JANUSAY | FEMMARTY| wARCH | APML | wav | Mg

Fioure 3. Weekly mean vapor exposure concen-
trations measured during the survey, Periods dur-
ing which breath sampling was conducted are rep-
resented by the boxed-in areas.
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Ficure 4. Glass pipet (50 ml) used for collect-
ing breath samples. One cap has a predrilled hole
for gas sampling. Both caps have Saran liners
which seal the pipet chamber,

times, After expelling the fourth breath he
quickly caps the tube, trapping a portion of
alveolar air. The importance of writing the
name, date, exact time of sampling, and the
workshift most recently completed, on the
label attached to each pipet, was stressed.
Aliquots were drawn from the pipets with
a l-ml Hamilton gas-tight syringe and ana-
lyzed in an Aerograph A-600B gas chromato-
graph using N. carrier gas and a hydrogen
flame detector. Separations were made with
a 6-foot, Vg4-inch I.D. stainless-steel column
packed with Carbowax 20M alkaline on
Chromosorb W 60/80 mesh acid-washed,

Exposure Chamber O peration

Three experimental human exposures to
VCI! were conducted at nominal vapor con-
centrations of 30, 230, and 500 ppm. The
exposure chamber was a room measuring 41
feet by 6 feet wide by 7.3 feet high. The
room had a continuous positive air supply
and exhaust system capable of maintaining
a slight negative pressure within the cham-
ber. Continuous distribution of the cham.
ber air was achieved by recirculating the air
with a squirrel cage fan through a series of
inlet and outlet ducts spanning the length of
the chamber. The VCIl was metered into the
duct carrying air exhausted by the squirrel
cage fan and entered the room atmosphere
via the recirculation system at a rate sufficient
10 maintain the desired atmospheric concen-
tration. The vapors were introduced from a
pressurized storage cvlinder through 6 feet
of 'g-inch 1I). stainless-steel tubing into a
rotometer prior to entering the circulating air
duct. A heating tape wrapped around the
stainless-steel tubing prevented condensation
of the VCI and stabilized the flow of the
vapor.

The concentration of VICl in the chamber
was constantly monitored with a Perkin-El-
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mer infrared spectrophotometer equipped
with a 10-meter path-length gas cell. A sam-
pling probe, consisting of 5/16-inch 1.D. Sa-
ran tubing, was centrally located during the
exposure to represent the breathing zone of
all subjects within the chamber. The probe
was moved about prior to each exposure to
detect imbalance of wvapor concentrations
within the chamber so that necessary cor-
rections in the recirculating system could be
made. Air samples collected periodically
within the chamber throughout the exposure
day were analyzed by gas chromatography for
added assurance of analytical accuracy. Both
the infrared spectrophotometer and the gas
chromatograph were calibrated before each
experiment and at intervals throughout the
exposure day.

Each 7.5-hour exposure day included a
0.5-hour lunch period in an uncontaminated
area outside the exposure chamber. The
TWA concentration was calculated on the
basis of 7.3 hours of exposure.

Clinical and Laboratory Procedures

Each subject had been under careful medi-
cal surveillance by the medical department
for a number of vears, and each was given a
complete medical examination a few days
prior to the VCI exposures. Included were
a complete urinalysis and 24-hour urine for
urobilinogen, complete blood count with sed-
imentation rate, reticulocyte count, SGOT,
SGPT. LDH, alkaline phosphatase, BUN,
creatinine. and bilirubin.

Each subject received a rcpeat phvsical
examination | hour before entering the ex-
posure chamber. This examination included
measurement of temperature. blood pressure,
and pulse rate. a neurological examination,
and collection of blood and breath samples.
A questionnaire noting the presence of any
symptoms of illness for example. headache.
nausea, dry throat) completed the pre-ex-
posure medical evaluation.

After the subject entered the chamber.
total expired breath samples were collected
every hour by having him breathe out through
4 Saran tube leading to a Saran plastic col
lection bag located outside the chamber
‘Tidal volume and total expiratoiv capacity
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were measured in the morning and again late
in the afternoon exposure periods.

Subjective and neurological responses were
measured  before the subject entered the
chamber, 13 minutes after entrance, and at
l-hour intervals thereafter. Flannagan Co-
mdination and Crawford Manual Dexterity
Tests were conducted at midmorning and
again in the afterncon. Breath sampling be-
gan immediately after the subject left the
exposure chamber. A 24-hour postexposure
urme sample was collected and a blood sam-
ple was drawn the following morning for
SGPT, LDH, alkaline phosphatase, BUN,
creatinine, and bilirubin determinations.

Analysis of Breath Data

The decay curves for the breath vinyl chlo-
ride concentrations were constructed by step-
wise multiple regression using a digital com-
puter. An empirical relationship of the form
Concentration = f (TWA, time) was select-
ed from a choice of several terms, each based
on TWA and/or time. The resulting regres-
sion equation best represents the ordered re-
lationship between breath vinyl chloride con-
centrarion, time-weighted average exposures,
and postexposure time,

Each breath decay curve has an associated
standard error of regression which can be
used to compute the confidence band for any
chosen level of significance. The 95¢5 con-
fidence band for the mean of a group of ob-
servations was chosen in this case to describe
the statistical error associated with the breath
data and the regression technique.

Results
Experimental Breath Curves

A total of 13 men participated in the three
experimental chamber exposures at nominal
concentrations of 50, 250, and 500 ppm pro-
ducing a total of 160 valid breath data
points. Five of the six subjects exposed to 50
ppm were re-exposed at 500 ppm 2 days
later. There was no rneasurable residual vinyl
chloride detected on the breaths of the sub-
jects prior to the second exposure. Serial
breath sampling was initiated immediately
after the subjects left the exposure chamber
and continued up to 20 hours following the
exposures.

Taste I
Experimental Human Exposure to Vinyl Chloride

Chamber

Concentration

_ {ppm) Range TWA*  Number of
X 8.D. (ppm) (ppm) Subjects
39 2 63— 33 48 -]
261 B I89-243 248 4
493 7 513 471 459 +
491 L7 7

525473 4914

aTime-weighted average concentratign based on 75 hours
ineluding a 0.3-hour lunch persed in an uncontaminated
arca,

bContinuous exposure for 3 5 hours.

Table T shows the analyzed concentration
to which the subjects were exposed. Calcu-
lations of the mean and standard desiation
of exposure concentration are based on chart
readings from the infrared spectrophotometer
taken at 3-minute intervals over the two 3.5-
hour exposure periods. The TWA is based
on the total 7.5 hours which included a 0.5-
hour lunch period in an uncontaminated
area.

The final breath decay curves intended for
use as an index to VCI exposures were ad-
justed to TWA concentrations of 30. 250,

100

&0
40

20

] —h e

XY
AQ

20

1o > ‘ Mita S e

06 i

1] + . IR,

o) —

006

BREATH VINYL CHLORIDE
CONCENTRATION, PPM
T

oo2 :

| | ||

[ F4 4 & -] 10 12 4 16 @ 20
POST EXPOSURE TIME, HOURS

oot
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DAILY VARIATION IN EXPOSURE TO VCL VAPOR
(8 hr TWA)

Voo
Concentrahon
FEN o
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Days of the Month s v cne mam Sk 1rr0e 2
Lt er

Fisure 6. Variation in VCI vapor exposure [or
three shifts.

and 300 ppm (Figure 3). A 100-ppm decay
curie was interpolated from the available
data using 1egression analysis. These curves
are presented with the calculated 9555 con-
fidence bands for the mean of a group of ob-
servations.

On-the-Job Bireath Curves

Ten workmen participated in the on-the-
job breath sampling program. producing a
total of 91 usable scts of data. Ten percent
of the breath samples collected were discard-
ed because of pipet leakage or poor samipling
techniques.

Absolute breath levels ranged fiom about
20 ppm in one sample taken less than 1 hour
after an 8-hour TWA of 250 ppm. 1o barely
detectable levels (<0.03 ppm) in samples
tahen after exposures at TWA's below 50
PPH].

The extremely broad variation in the
TWA's experienced by workmen during one
of the periods in which breath sampling was
being conducted is demonstrated for three
shifts of men bearing the job classification
“coagulator operator” (Figure 6). Minute,
hourly, and daily fluctuations in the concen-
tration of a contaminant are most descriptive-
v revealed by continuous monitoring  This
method of sampling quickly points out the
fallacv of judging TWA and peak exposure
concentrations on the basis of spot sampling
or periodic survevs of brief duration

The remarkable correlation between breath
concentration and corresponding TWA val-
ues made it possible to construct the series

of breath decav curves shown in Figure 7.
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with confidence bands only slightly wider
than those from controlled human experi-
ments, The close similarity between these
curves and those constructed from controlled
exposure data are further illustrated in Fig-
ure 3.

Human Responses

From a subjective standpoint no significant
untoward affects were noted at anv of the
exposure concentrations. The only complaints
were those of two subjects who reported mild
headache and some dryness of their eves and
nose during the 300-ppm exposure experi-
ments.

No odor was detected by anione entering
the exposure chamber at 50 ppm. At 250
ppm all four subjects entering the chamber
initially reported that they could detect a
very slight odor of the chemical. Five of the
seven subjects entering the exposure cham-
ber at 500 ppm were able to detect the odor
of VCI. bur after 5 minutes of exposure those
five were unable to detect it even with forced
inspiration. Three of the four subjects re-
cntering the chamber after lunch were able

100 ¢
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Ficure 7. Breath decav cunes derived from
breath data collected from workers following on-
the-yob exposures to V'CI vapor {B-hour TWA
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to detect a faint odor of VUL One subject e e e e e S S S
could detect a taint odor on deep inspiration 60 _:_‘T.—f L e
for approxunately 13 minutes alter entering 40 fr——— e
the exposure chamber. LT T

e . 20 A__.o‘——m.hq—J‘

The exposure had no noticeable ¢ffect on ;

. . . . ‘ H i

neurological responses, nor did it produce sig- 10 e —
nificant changes in the 1esults of mental, co- s

ordination, or manual dexterity tests conduct-
ed during the exposure period, All clinical
laboratory studies performed in the post-
exposure period were normal and not signifi-
cantly different from pre-exposure 1alues.

Discussion

The object of the environmental health
suivey 15 to identify the atmospheric contam-
inant, determine the exposure level, and re-
late this to the health hazard it presents. If
one is to judge hazard by ambient concen-
tration measurements, then those measure-
ments must accurately describe the exposure
on a continuing individual basis. A carefully
conducted survey combining continuous anal-
vsis of the work room atmosphere with a
comprehensive job studv will provide data
valid for estimating time-weighted average
exposure,

On the other hand, breath decay curves
constructed from breath data collected dur-
ing continuous plant monitoring are in close
agreement with those obtained from exposure
chamber experiments with VCI. These curves
should therefore be useful as a second meth-
od for assessing exposure to VCI vapor.

The choice of whether one or both meth-
ods should be used depends on prevailing
circumstances and on the thoroughness de-
sired. For example, data useful in describ-
ing peak exposures are obtained from con-
tinuous monitoring. Concurrently, exposure
trends and concentration gradients may help
identify plant operational inefficiencies and
equipment malfunctions by revealing specifi¢
sources of emission. Correcting these prob-
lems not only restores a healthful work en-
vironment but often results in bonus savings
by reducing losses of raw material and prod-
uct.

Continuous monitoring, however, is ex-
tremely costly both in time and in the equip-
ment required. The scope of data acquired is
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Fictre 8. Comparison of breath decay curves
derived from the on-the-job data and the exper-
mental human exposure data.

limited by the number of sampling probes.
and these probes are not always capable
of accurately measuring the individual's daily
exposure experiences, especially should these
involve unusual incidences such as chemical
spills ov exposures outside the monitored
area.

Breath analysis has the advantage of in.
dividualizing each worker’s integrated daily
exposure. Breath decay curves, as an index
of exposure, offer a means of estimating the
average daily individual exposure on the basis
of a few breath samples taken serially in the
postexposure period. Consequently breath
analysis can be used to diagnose as well as
quantitate an exposure which bhas already
occurred. It is a relatively inexpensive and
simple method which can be put into opera-
tion without extensive and costly preliminary
preparations,

However, postexposure breath analysis does
not provide information on the daily fluctua-
tions of exposure, and the peak exposure con-
centrations are not made evident bv breath
data. Finally, breath analysis is not applica-
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ble to all chemicals, and breath decay curves
established for one chemical are not useful
as an index of exposure to any other chem-
ical.

The decay curves presented here are in-
tended to serve as an index of exposure to
viny| chloride vapor and are based on an
exposure duration of 7.5 hours for the experi-
mental exposures, and 8 hours for the on-the-
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Notices and Deadlines Public I

It is the policy of the AIHA Journal to accept and publish notices and a cohor
shert itemns of import and interest to our readers subject to the lLimitations of brous gi
available space. This is done as a service to our profession and no fee is were ob
charged for such announcements. five of

Some notices are received too late to be carried to advantage in our Jour- that m
nal. Persons supplying announcements to us should keep in mind the tine

Mortaln

schedule of our publication. The Journal appears six times per vear with the group o
copies being mailed about the 20th of February. April, June, August. October. of Retit
and December. While emergency or urgent notices can be inserted up to three N

! ar four weeks before the mailing date, such cannot be assuied. Nornally the cial Se
announcernents should be in the Editors hands at least two nonths or more studv fs
before the issue in which they should appear, Perhaps these guidelines will the L.’
aid you announcement generators. mortalit
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